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CryoFM Goal and Objectives 

Goal: A public domain tool for 

performing system level first-order 

calculations for common cryogenic fluid 

management topics (no CUI, ITAR, nor 

classified data)

Objectives:

1. Report series documenting key 

calculations and contextual information

2. Integrated Excel workbook for interactive 

calculations (online & desktop versions)

3. VBA user defined functions for custom 

system calculations and Excel add-in

4. Python functions for Jupyter notebooks 

and other supported platforms & apps

5. Eventually… importable Python library
TFAWS 2022 – September 6th-9th, 2022 2

1 2

34

5 import CryoFM



TFAWS 2022 – September 6th-9th, 2022

CryoFM: Online Startup View
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CryoFM: Online Home and Reference Report Contents
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CryoFM: Online Calc Sheet and Report Section Examples
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CryoFM: Desktop Version with CoolProp
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Verification Case

Specific State Points CoolProp variables Specific State Points CoolProp Variables

Pressure (P) 2.000E+05 Pa P Pressure (P) 200000 Pa P

Temperature (T) 76.1 K T Temperature (T) 76.12 K T

Fluid Oxygen (phase determined by state point)  Fluid Oxygen (depends on state point)

Conductivity (k) 1.711E-01 W/m-K conductivity Conductivity (k) 0.171089634 W/m-K conductivity

Density (r) 1.209E+03 kg/m
3 Dmass Density (r) 1208.978117 kg/m3 Dmass

Diffusivity, thermal (a) 8.43029E-11 m2/s conductivity/Dmass/C Diffusivity, thermal (a) 8.43029E-08 m2/s conductivity/Dmass/C

Expansion coeff (β) 3.856E-03 1/K isobaric_expansion_coefficient Expansion coeff (β) 0.003855827 1/K isobaric_expansion_coefficient

Enthalpy (h) -1.570E+05 J/kg Hmass Enthalpy (h) -157032.9927 J/kg Hmass

Internal energy (u) -1.572E+05 J/kg U Internal energy (u) -157198.4216 J/kg U

Sp heat, p=const (Cp) 1.679E+03 J/kg-K C Specific heat (Cp) 1.678660356 J/kg-K C

Sp heat, v=const (Cv) 9.873E+02 J/kg-K Cvmass Sp heat, v=const (Cv) 987.2642184 J/kg-K Cvmass

Visc, kinematic (n) 2.460E-07 m2/s viscosity/Dmass Visc, kinematic (n) 2.45958E-07 m2/s viscosity/Dmass

Saturation Conditions Saturation Conditions CoolProp Variable

Pressure (P) 2.000E+05 Pa P Pressure (P) 200000 Pa P

Fluid Oxygen ----> liquid Fluid Oxygen liquid Q = 0

Temperature, sat (Tsat) 97.24 K T Temperature, sat (Tsat) 97.23553533 K T

Density, sat (rsat) 1.105E+03 kg/m3
Dmass Density, sat (rsat) 1105.40119 kg/m3 Dmass

Enthalpy, liquid (hl) -1.213E+05 J/kg Hmass Enthalpy, liquid (hl) -121260.0881 Hmass

Enthalpy, vapor (hv) 8.448E+04 J/kg Hmass Enthalpy, vapor (hv) 84481.32336 Hmass

Heat of vaporiz (hfg) 2.057E+05 J/kg ΔH (liquid to vapor) Heat of vaporiz (hfg) 205741.4114 J/kg ΔH (liquid to vapor)

Surface tension (σ) 1.141E-02 N/m surface_tension Surface tension (σ) 0.011405531 N/m surface_tension

Sp heat, sat (Csat) 1.717E+03 J/kg-K T*(dS/dT)sat Sp heat, sat (Csat) 1716.922341 J/kg-K T*(dS/dT)sat

Boil-off Boil-off

Boil-off rate per watt 1.75E+01 g/hr/W no sensible heating Boil-off rate per watt 17.49769273 g/hr/W no sensible heating

CryoFM™ - Cryogenic Fluid Management - Passive (v1.4.1)

© 2022 Moran Innovation LLC. All rights reserved.

HOME
Reference Report

NIST fluid properties



CryoFM: VBA and Python Function Examples
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CryoFM: Jupyter Notebook Example (Python)
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Status and Forward Plans

1. Passive CFM report complete and 

available online; active CFM report 

planned next; systems modeling, 

applications, and others after that 

2. Excel desktop and online versions 

under active development; beta 

testing planned (email if interested)

3. VBA user defined functions under 

active development; Excel add-in 

planned

4. Python functions under active 

development; Jupyter notebook 

examples planned

5. Importable Python library planned
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Some Online Resources

• Cryogenic Fluid Management of Hydrogen, Methane and Oxygen

• Engineering Analysis and Modeling

• Hydrogen Systems Development: Past, Present and Future

• Adaptive Systems Approach for Breakthrough Innovations (ASABI)™

• Densified Liquid Hydrogen and No-Loss (Zero Boil-off) Systems
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